The North Shore Sanitary District (District) owns and operates a 24-mgd sewage treatment plant located in Gurnee, Illinois. Frequently, odors from the two-stage activated sludge plant's solids handling facilities made their way into the adjacent residential neighborhood. A new two-stage odor control system for the plant's solids handling facility was put on-line in October 1999. This system consisted of three parallel mist scrubber trains, with each train consisting of two sodium hypochlorite scrubbers operating in series. Although this was the "best available technology" at the time, the District continued to receive odor complaints.
The primary goal for the District was to eliminate odors from the scrubber system exhaust, thereby eliminating odors in the adjacent neighborhood. Initially, the new two-stage scrubbing system performance was reviewed and optimized. Following this initial optimization, 90% removal of reduced-sulfur compounds and 99% removal of hydrogen sulfide was achieved with the "optimized two-stage mist scrubber". Although significant odor reduction had been achieved, odors were still present in the adjacent neighborhood.
It was determined that to eliminate odors in the adjacent neighborhood, the "optimized two-stage mist scrubber" would have to remove an additional 90% of organic reduced-sulfur compounds. Two innovative solutions were recommended:
• Adding a surfactant to the raw odorous air to remove nonwater-soluble odors or to allow them to be sorbed into the scrubber's chemical solution.
• Adding a high performance packed tower scrubber as a third stage to treat the two-stage mist scrubber's exhaust.
To validate whether the recommended solutions would improve odor removal, a pilot test was conducted utilizing the existing two-stage scrubbing system with a packed tower pilot unit for a third stage. The pilot test results indicated a high removal of reduced-sulfur compounds, a noticeable reduction in the opacity of the plume, and a reduction in the perceived odor from the third stage exhaust. Based on the pilot test results, a full-scale design was completed and constructed.
INTRODUCTION
The North Shore Sanitary District (District) owns and operates a 24-mgd sewage treatment plant (STP) located in Gurnee, Illinois. This once relatively isolated sewage plant faced rapidly encroaching residential development (see Figure 1 ). In the 1990s, the land adjacent to the plant was developed into an upscale residential subdivision. Odors from the two-stage activated sludge plant's solids handling facilities made their way into the subdivision, and the District began receiving calls daily from residents and local politicians concerned about the odors and their potential effect on property values.
Figure 1 -Aerial Photograph of Gurnee Sewage Treatment Plant and Surrounding Land Use Project Background
A new two-stage odor control system (Structure 400) for the plant's solids handling facility was put on-line in October 1999. Structure 400 consisted of three parallel scrubber trains designed to treat high levels of hydrogen sulfide and reduced sulfur compounds. Each train consisted of two sodium hypochlorite scrubbers operating in series. Although this was the "best available technology" at the time, the District continued to receive odor complaints. As a result of the two-stage system's limited success, eliminating odors associated with the plant's solids handling facilities became a top priority of the District.
Goals and Objectives
The primary goal of this project was to eliminate odors from the scrubber system exhaust, thereby eliminating odors in the adjacent neighborhood. In conjunction with the primary goal, several other project objectives were defined:
• Identify the odorous compounds and their respective concentrations that were being emitted from the scrubber's exhaust at sub-ppbv levels.
• Develop a rigorous sampling and analytical protocol to monitor and quantify scrubber performance.
• Optimize scrubber chemical selection and consumption.
• Develop a robust, automated scrubber control strategy to operate in conjunction with the District's existing plant wide automated control system.
METHODOLOGY System Optimization and Enhancement
The initial step in eliminating complaints involved reviewing and optimizing the operation of the new Structure 400 odor control system. The operation of the sludge storage and thickening systems were reviewed and chemical oxidation options were considered but eliminated. Alternative oxidizing chemical solutions were considered for use in the new two-stage mist scrubbers with no noticeable performance improvement. Finally, operation of the two-stage scrubbers was optimized with hypochlorite at different pH and oxidation reduction potential (ORP) levels. Following optimization, 99% of the incoming hydrogen sulfide and 90% of reduced sulfur compounds were removed. Although this performance represented a significant odor reduction, it was not sufficient to eliminate odor complaints.
It was apparent that the sludge storage and thickening facilities generated unusually high reduced sulfur compounds (RSC) including methyl mercaptan, dimethyl disulfide, and methythiophene. The high RSC were attributed to the plant's industrial loadings, which comprise 38% of plant influent. At that time, odor concentrations averaged 5,500 ppbv. With odor detection thresholds less than 50 ppbv, a significantly greater reduction of RSC was required to drop below these threshold values. Reaching detection required an additional 90% reduction beyond the optimized performance of the new two-stage mist scrubber system.
Although the performance of the new two-stage mist scrubber system was good, it did not sufficiently remove the odors. As a result, the District began a program to investigate alternative solutions to the problem. To obtain quantitative data, the District purchased a Jerome 631-X instrument to track sulfur compounds and developed gas chromatograph procedures to detect and quantify RSC at sub-ppbv levels. Alternative odor removal technology included the use of regenerative thermal oxidizer (RTO) and activated carbon and addition of packed tower technology. RTO and activated carbon were eliminated based on cost and anticipated insufficient removal performance. Stack dispersion models were also prepared to project plume dispersion; dispersion enhancements alone were not found to be sufficient.
As part of this effort, the Washington Suburban Sanitary Commission was contacted concerning its experience with compost facility odor control. WSSC input was particularly helpful in developing the final successful solution. Although having somewhat different odor compounds (WSSC also experienced significant ammonia odors), their experience appeared to closely parallel the District's experience.
Based on the evaluation of available technology, the following innovative enhancements were recommended:
• Addition of a surfactant (liquid detergent) to raw odorous air to remove or capture nonwatersoluble odors • Addition of high performance packed tower scrubbers to treat mist scrubber discharge (new third stage)
Because this represented a non-conventional solution, pilot-testing was recommended.
Pilot Test
To confirm whether these modifications would improve odor removal at Gurnee, the District conducted a pilot test (Figure 2 ) from late November 2000 to mid-January 2001. The test was designed to treat a portion of the existing mist tower exhaust to obtain accurate removal rates. The pilot consisted of use of one of the two-stage mist tower trains and the addition of a reduced scale pilot packed tower. Surfactant was added to the first stage mist scrubber and hypochlorite was added to the second stage mist tower. Hypochlorite and caustic were added to the pilot packed tower. The pilot packed tower consisted of a 6-foot high, 6-inch diameter packed tower with 4 feet of packing depth. Rauschert Hiflow 5/8-inch rings were used. The pilot unit was designed for a gas flow rate of 47 cfm and a chemical recirculation rate of 1.4 gpm.
Pilot results showed consistently high removal of all reduced sulfur compounds and a noticeable reduction in plume opacity and perceived odor concentration.
The result of the 13 pilot test runs is shown in Table 1 . The tests were run in a batch mode with chemicals added before testing. Figure 3 shows the hydrogen sulfide results from these tests. 
